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Executive Summary

Background. Public health interventions targeting childhood growth failure and undernutrition have
been largely based on the promotion of a healthy diet and effective infection control in early childhood.
Recently there has been increased attention to the fetal period and its critical importance for subsequent
health. However, there is a relative paucity of empirical data on the impact of pregnancy interventions on
child health beyond immediate birth outcomes.

A randomized, controlled trial conducted in rural Malawi from 2003-2006 provided an opportunity to
study medium-term effects on children after interventions targeted to pregnant women. The trial enrolled
1,320 pregnant women in three intervention groups. Participants in the control group received standard
Malawian antenatal care, which included intermittent preventive malaria treatment in pregnancy with
sulphadoxine-pyrimethamine (SP) once at enrollment and once between 28-34 weeks of gestation.
Participants in the monthly SP intervention group received SP monthly from enrollment until 37 weeks of
gestation. Participants in the azithromycin (AZI1)-SP intervention group received monthly SP and two
doses of active AZI (once at enrollment and once between 28-34 weeks of gestation) to eradicate possible
maternal reproductive tract infections and strengthen the antimalarial effect of SP.

As a follow-up to the trial, we tested the hypotheses that children born to mothers treated during
pregnancy with monthly SP, with or without two doses of AZI, would have a lower number of deaths
during the first 5 years of life, a lower incidence of non-scheduled (NS) visits to the health center during
the first 3 years of life, be taller and otherwise larger in size through the first 5 years of life, and have a
higher total developmental score at 5 years of age than children born to mothers who received standard
malaria treatment in pregnancy.

Methods. Primary outcomes of the follow-up study were the number of deaths by 5 years of age, the
incidence of NS visits by 3 years of age, child length/height at 2 and 5 years of age, and total
developmental score at 5 years of age. For mortality outcomes, we calculated total mortality during the
first 5 years of life, number of miscarriages and stillbirths, number of early and late neonatal deaths,
number of postneonatal deaths, and number of child deaths. We used the number of NS visits as a proxy
for morbidity because we did not have direct data on child morbidity. Child anthropometrics were
measured at the age of 1, 3, 6, 9, 12, 15, 18, 24, 30, 36, 48, and 60 months. We calculated age- and sex-
standardized anthropometric indices (height-for-age z-score, weight-for-age z-score, weight-for-height z-
score, head circumference-for-age z-score, and mid-upper arm circumference [MUAC]-for-age z-score)
by using the World Health Organization Child Growth Standards. Values below -2 z-scores were
considered indicative of stunting, underweight, wasting, small head circumference, and low MUAC.
Child development was measured at 5 years of age with Griffith’s Mental Development Scale. We
calculated total developmental score as a sum of locomotor, personal-social, language, eye and hand
coordination, performance, and practical reasoning subscale scores.

For mortality outcomes and the prevalence of various forms of malnutrition, we calculated percentages
and risk ratios. We calculated incidence rate ratios for the total number of NS visits. For anthropometric
indices and developmental scores, we calculated group means and differences between groups. We used
log-binomial regression models to estimate risk ratios for binary end-points at a single time point and
negative binomial regression adjusted for time in follow-up to estimate incidence rate ratios for total
number of NS visits. We used least squares regression to calculate differences in means for continuous
outcomes.
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Developmental results were adjusted for child age at the time of developmental assessment and child sex,
otherwise all main results are shown without covariate adjustments. As a sensitivity analysis, we also
estimated coefficients adjusted for a set of covariates. All regression models for the mortality and
morbidity outcomes were adjusted for the same set of covariates, based on whether the potential covariate
was associated with any mortality or morbidity outcome at p < 0.05. All regression models for
anthropometric outcomes were adjusted for the same set of covariates, selected based on covariate
selection carried out with 24-month outcomes. All regression models for total developmental score were
adjusted for covariates associated with total developmental score at p < 0.05.

As exploratory analyses we also tested for the presence of an interaction between the intervention and
pre-specified maternal and child characteristics. We performed analyses stratified by the respective
variables if the interaction term was significant at p < 0.1. The purpose of the interaction testing was
exploratory rather than confirmatory.

Results. The proportion of children who died during the follow-up was 15.3% in the control group,
15.1% in the monthly SP group, and 13.1% in the AZI-SP group (p = 0.603). The proportion of
postneonatal deaths was 5.5% in the control group, 3.3% in the monthly SP group, and 1.9% in the AZI-
SP group (p = 0.008 AZI-SP vs. control). The incidence of NS visits during the first 3 years of life was
0.12 in the control and monthly SP groups and 0.13 in the AZI-SP group (p = 0.710). The mean height-
for-age z-score was higher in the AZI-SP group than in the control or monthly SP groups at all time
points. Mean absolute length/height in the AZI-SP group was 0.4-0.7 cm higher compared to the control
group between 1 and 60 months. The AZI-SP group also had a higher mean weight-for-age z-score and
head circumference-for-age z-score compared to the control and monthly SP groups at all time points.
Differences between groups in mean weight-for-height z-score were not consistently in favor of AZI-SP
or any other intervention group over time. Mean MUAC-for-age z-score was higher in the AZI-SP group
compared to the control group from 6 to 36 months of age, but at 48 and 60 months, those differences had
disappeared. The mean (standard deviation [SD]) total developmental score was 108.8 (17.1) in the
control group, 110.3 (17.0) in the monthly SP group, and 112.5 (17.6) in the AZI-SP group (p = 0.029),
with the AZI-SP group having a 3.7 point higher score compared to the control group (p = 0.008).
Covariate adjustment did not markedly change these results. Although effect modification was observed
for some outcomes, the results did not show a clear pattern in how the effect of the intervention was
modified by maternal background variables or child characteristics.

Conclusions. The results of this study support the hypothesis that children born to mothers who receive
monthly SP and two doses of AZI during pregnancy are on average taller throughout the first 5 years of
life than children born to mothers who receive standard malaria treatment in pregnancy. It is also possible
that differences in newborn weight and head size are sustained for 5 years but this was not conclusively
confirmed. The results also support a positive effect of the AZI-SP intervention on postneonatal infant
mortality and the developmental status of the children at 5 years of age. The results do not support the
hypothesis that the intervention would reduce child morbidity during the first 3 years of life in rural areas
of Malawi.

Vi
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1 Introduction

Traditionally, public health interventions targeting childhood growth failure and undernutrition have been
largely based on the promotion of a healthy diet and effective infection control in early childhood
(ACC/SCN 2001; Victora et al. 2010). Recently, however, there has been increased attention on the fetal
period and its critical importance for subsequent health. Many policy documents guiding future public
health interventions have been based on the concept of the “first 1,000 days.” Such documents emphasize
that the foundations of good health are laid during the fetal period and the first 2 years of life (Piwoz et al.
2012), and as such, effective public health interventions should target this age window. Thus far,
however, there is a relative paucity of empirical data on the impact of pregnancy interventions on child
health beyond immediate birth outcomes.

Researchers from the University of Malawi and the University of Tampere conducted a randomized
controlled trial in rural Malawi from 2003-2006. The trial, known as the “Lungwena Antenatal
Intervention Study” (LAIS), provided an opportunity to study the medium-term effects on children after
an intervention targeted to pregnant women. The study involved a total of 1,320 pregnant women who
were randomized to one of three interventions: (1) standard antenatal care (two doses of sulphadoxine-
pyrimethamine [SP] for the prevention of malaria); (2) monthly SP; or (3) monthly SP supplemented with
two doses of azithromycin (AZI), an antibiotic to help reduce the burden of malaria and maternal
infections. In the study sample, women treated with monthly SP and two doses of AZI during preghancy
had an approximately 35% lower incidence of preterm delivery and babies with low birth weight than
women in the control group who received only two doses of SP (12% vs. 18% for preterm delivery, 9%
vs. 16% for low birth weight) (Luntamo et al. 2010). A similar positive effect was seen in the prevalence
of neonatal stunting; 15% of the babies born to mothers in the intensive infection treatment group were
stunted at 1 month of age compared to 24% in the control group (Luntamo et al. 2013).

The results from the LAIS trial suggest that child birth size can be increased with intensive infection
control during pregnancy. However, it is not clear whether the effects can be sustained during childhood.
With nutrition interventions during pregnancy, the impact is often lost within a year after birth (Ashorn et
al. 2015; Lanou et al. 2014). The aim of the current study was to determine if children born to mothers
treated with monthly SP with or without two doses of AZI would be larger in size at 2 and at 5 years of
age than children born to mothers in the control group. The aim was also to determine the effect of the
intervention on child mortality during the first 5 years of life, child morbidity during the first 3 years of
life, and child development at 5 years of age.
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2 Methods

2.1 Study Design, Outcomes, and Ethics Statement

This study was a 5-year follow-up to the LAIS trial, a single-center, randomized, partially placebo
controlled, outcome assessor-blinded, three-arm clinical trial conducted in rural Malawi. In this follow-up
study, child morbidity was assessed during the first 3 years of life, child mortality and growth during the
first 5 years of life, and child development at 5 years of age. The hypotheses of the follow-up study were
that children born to mothers who were treated during pregnancy with monthly SP, with or without two
doses of AZI, would have a lower number of deaths during the first 5 years of life, would have a lower
incidence of non-scheduled (NS) visits to the health center during the first 3 years of life, would be larger
in size (length/height, weight, head circumference, and mid-upper arm circumference [MUAC]) at 2 and
5 years of age, and would have a higher total developmental score at 5 years of age than children born to
mothers in the control group.

The original LAIS trial hypothesis was that maternal antibiotic treatment with monthly SP alone or in
combination with two doses of AZI improves fetal growth and decreases the incidence of preterm
delivery, and that this leads to increased infant size at birth and at 1 month of age. The primary efficacy
and safety outcome measures were the incidence of preterm delivery and serious adverse events. The
main secondary outcomes were mean newborn size (weight, length, and head circumference) at birth and
at 28 days of age as well as the prevalence of underweight, stunting, and wasting at 28 days of age.

Both the original trial and the follow-up were performed according to Good Clinical Practice guidelines
and the ethical standards of the Helsinki Declaration. The protocol was approved by the College of
Medicine Research and Ethics Committee, Malawi and the Ethical Committee of Pirkanmaa Hospital
District, Finland. An independent data safety and monitoring board monitored the incidence of suspected
serious adverse events, conducted one site monitoring visit, and performed two interim analyses for safety
and efficacy. Only participants who signed or thumb-printed an informed consent form were enrolled in
the study. Key details of the protocol were published at the clinical trial registry of the National Library of
Medicine in Bethesda, MD, United States (http://www.clinicaltrials.gov, trial identification
NCT00131235).

2.2 Study Site and Participants

The study enrolled women with uncomplicated second trimester pregnancies (gestational age 14-26
weeks by ultrasound assessment) who had felt the movements of the fetus, were available during the
follow-up period, and started antenatal care between December 2003 and October 2006 at Lungwena
Health Centre in southern Malawi. Exclusion criteria included severe illness, receipt of AZI during the
current pregnancy or SP within the preceding 28 days, allergy to study drugs, and any previous serious
allergic reaction. The last follow-up visit for children born to the women enrolled in the study was
completed in June 2012,

2.3 Study Interventions

Participants in the control group received standard Malawian antenatal care, which included intermittent
preventive treatment in pregnancy with SP (three tablets orally, each containing 500 mg of sulphadoxine
and 25 mg of pyrimethamine) twice: at enrollment and between 28-34 weeks of gestation. At these visits,
they also received a placebo to azithromycin. Participants in the monthly SP intervention group received
SP monthly from enrollment until 37 gestational weeks and a placebo to azithromycin. Participants in the
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AZI-SP intervention group received monthly SP and prophylactic treatment with active AZI (two tablets
orally, each containing 500 mg of AZI) twice: at enrollment and between 28-34 weeks of gestation. All
participants received ferrous sulphate (200 mg/day) and folic acid (0.25 mg/day) throughout pregnancy
(supplied by Malawi Central Medical Stores). SP tablets were purchased from Malawi Central Medical
Stores, supplied by Pharmanova (Blantyre, Malawi), Ipca Laboratories Ltd. (Mumbai, India), F.
Hoffmann-La Roche Ltd. (Basel, Switzerland), and Universal Corporation Kenya Ltd. (Kikuyu, Kenya).
Active AZI and its placebo were manufactured and donated by Pfizer Inc. (New York, United States).

2.4 Randomization and Enrollment

A researcher not involved in data collection generated a randomized code list. Based on this list,
individual code slips containing unique identification numbers, but not group allocation, were sealed in
individual opaque randomized envelopes. An individual drug box was pre-packed for each identification
number. It contained appropriate study drugs for each planned study visit in opaque drug envelopes
labeled with an identification number and visit information.

At the enrollment visit, research personnel interviewed pregnant women who expressed interest in the
study about their socioeconomic status and obstetric history, provided them with pre-test HIV counseling,
and performed an antenatal examination. The duration of pregnancy was determined by measuring the
fetal biparietal diameter and femur length with an ultrasound. Hadlock tables were used to calculate fetal
age. A laboratory assistant with extensive experience assessed all participants for blood hemoglobin (Hb)
concentration, peripheral blood malaria parasitemia, and syphilis reactivity. HIV testing was offered to all
enrolled participants but the testing was optional.

Eligible persons who consented to participate signed or thumb-printed an informed consent form and
picked one envelope with an identification number. Each identification number was randomized to one of
the three intervention groups. A research assistant not involved in outcome assessment gave the
corresponding pre-packed study drugs to the participant under direct observation and monitored her for
possible adverse reactions.

2.5 Follow-Up Scheme and Variable Descriptions

2.5.1 Mortality

Child mortality was assessed during the first 5 years of life. Information about child mortality was
collected as soon as the study team heard about the death of the child or if the child did not show up for
the scheduled study clinic visit for anthropometric measurements between 1 and 60 months of age. The
study team traced the caretaker and collected mortality information if the child had died. Information on
child mortality was collected using a structured verbal autopsy questionnaire administered to the mother
or another primary caretaker of the child.

For this study, we defined miscarriage as non-induced loss of pregnancy before 22.0 completed gestation
weeks and stillbirth as fetal death at or after 22.0 gestation weeks. Early neonatal death was defined as
death of a live-born baby within 7 days of birth and late neonatal death was defined as death within 8-28
days of birth. Postneonatal death was defined as death between 29 days to 1 year of age and child death
was defined as death between 1-5 years of age. Total number of deaths was calculated as the sum of
miscarriages, stillbirths, neonatal deaths, and child deaths occurring between the time of enrollment and 5
years after delivery.
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Perinatal mortality rate was defined as the number of stillbirths and early neonatal deaths (died within 7
days of delivery) divided by the total number of births at or after 22.0 gestational weeks. Neonatal
mortality rate was defined as the number of deaths occurring within 28 days of delivery divided by the
number of live births. Infant mortality rate was defined as the number of deaths occurring within 0-365
days of delivery divided by the number of live births, and under-5 mortality rate was defined as the
number of deaths occurring between 0-5 years of age divided by the number of live births. We report
perinatal, neonatal, infant, and under-5 mortality rates as the number of deaths per 1,000 births.

2.5.2 Morbidity

Child morbidity was measured as the number of NS visits made by the participant during the first 3 years
of life. We recorded information on child morbidity in real time when the child made a NS visit to a
health center. The number of NS visits was collected on structured data collection forms by the clinician
doing the examination and did not include normal under-5 clinic visits. We used the number of NS visits
as a proxy for morbidity because we did not have direct data on child morbidity.

We calculated the total number of NS visits to a health facility made by the participant during the first 3
years of life and during the first, second, and third year of life separately. We calculated the incidence of
NS visits by dividing the number of NS visits by the number of months in the study during the first 3
years of life and during the first, second, and third year of life. We calculated time in follow-up as months
with the following formula: 12 * (last day in study - date of birth) / 365.25. We calculated time in study
during the first, second and third year of life with the formula: 12 * (last day in study during
first/second/third year of life - first day in study during first/second/third year of life) / 365.25. We
identified participants with the incidence of NS visits above the 75" and the 90™ percentile.

2.5.3 Child Growth

Child growth was monitored by measuring length/height, weight, head circumference, and MUAC at the
study clinic visit at the age of 3, 6, 9, 12, 15, 18, 24, 30, 36, 48, and 60 months. Anthropometrists
measured child length (for children < 24 months) with a kiddimetre (Raven Equipment Ltd; reading
increment of 1 mm) or height (for children > 24 months) with a Harpenden stadiometre (Holtain Limited;
reading increment of 1 mm).* Weight was normally measured with a SECA scale (SECA 834, Chasmors
Ltd; reading increment of 10 g) or, at 36 months and beyond, was occasionally measured erroneously
with a bathroom scale (reading increment of 1 kg). Head and arm circumference were measured with non-
elastic plastic tape (Lasso-o tape, Harlow Printing Limited; reading increment of 1 mm). All
measurements were recorded on a structured data collection form.

For anthropometric variables targeted to be measured before 24 months of age, we considered the data
missing if the actual measurement date was off by + 4 weeks from the target date. For variables targeted
to be measured at or after 24 months of age, we considered the data missing if the actual measurement
date was off by + 8 weeks from the target date.

We calculated age- and sex-standardized anthropometric indices (height-for-age z-score [HAZ], weight-
for-age z-score [WAZ], weight-for-height z-score [WHZ], head circumference-for-age z-score, MUAC-
for-age z-score) by using World Health Organization (WHO) Child Growth Standards (WHO Multicentre
Growth Reference Study Group 2006; de Onis et al. 2007). Only HAZ and WAZ could be derived for
children measured between 60-62 months given that there is not a weight-for-height, head circumference,

1 Although this study measured length for children < 24 months, for simplicity and ease of reading, when referring
to results for children <24 months, we use the terms weight-for-height z-score and height-for-age z-score rather
than weight-for-length z-score and length-for-age z-score for this demographic group.
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or MUAC WHO reference for children 60 months of age and older (de Onis et al. 2007). Values below -2
z-scores were considered indicative of stunting, underweight, wasting, small head circumference, and low
MUAC. Values below -3 z-scores were considered indicative of severe stunting, severe underweight,
severe wasting, very small head circumference, and very low MUAC. We also calculated deviation of
individual length/height, weight, head circumference, and MUAC measurements from the corresponding
WHO 2006 age- and sex-specific median reference.

2.5.4 Child Development

When the children were 60 months of age, a trained and certified research assistant assessed their
development with Griffith’s Mental Development Scales for children 2—8 years of age (Luiz et al. 2006).?
Griffith’s Mental Development Scales for children 2—8 years assesses six areas of development:
locomotor skills, personal-social skills, language, eye and hand coordination, performance, and practical
reasoning.

e Subscale A: Locomotor—assesses gross motor skills, including the ability to balance and to
coordinate and control movements.

e Subscale B: Personal-Social—measures proficiency in the activities of daily living, level of
independence, and interaction with other children.

e Subscale C: Language—assesses receptive and expressive language.

e Subscale D: Eye and Hand Coordination—focuses on fine motor skills, manual dexterity, and
visual monitoring skills.

e Subscale E: Performance—considers visuospatial skills including speed of working and
precision.

e Subscale F: Practical Reasoning—assesses the ability to solve practical problems, understanding
of basic mathematical concepts, and understanding of moral issues.

There are 38 items in each subscale. For each domain, the questions are organized hierarchically, i.e.,
easiest tasks first, most difficult ones last. The items are color coded to identify which items are similar.

The Griffith’s Mental Development Scales have been used for almost 40 years to assess children’s
development. The tool has been standardized in the United Kingdom and South Africa and does not have
standardized norms for Malawi. In Western studies, some predictive validity of Griffith’s scales has been
shown in relation to 1Q at 5 years of age (Bowen et al. 1996). In many of the landmark studies by
Grantham-McGregor on malnutrition and developmental outcomes, Griffith’s scales were used because it
has reasonable stability over time, has clear standardized scoring systems, and good concurrent validity
with the Stanford-Binet intelligence scale (Grantham-McGregor and Ani 2001).

In the LAIS trial, two trained research assistants directly administered the Griffith’s scales to the children
to assess their ability to perform tasks. If children were unable to do the task, a cross mark was placed in

the box in the questionnaire. If they were able to do the task, a tick mark was placed in the box. We used

all the questions in the assessment tool for children 28 years.

The target time point for the developmental assessment was at 60 months of age. As there were some
delays in starting the assessments, the age at time of assessment for all but one participant ranged from 59
months to 74 months, with one participant falling outside that range and assessed at 48 months of age
(25" percentile 60 months of age, median 60 months of age, 75" percentile 66 months of age). The
distribution of age was skewed to the right though the number of children assessed between 60 and 74

2 Griffith’s scales for children 2-8 years of age is presented in Appendix 1.
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months of age was distributed evenly across this age span. We did not exclude any participants from the
analyses based on the age of assessment. To take differences in age at time of assessment into account, we
adjusted all models for child age (Cheung 2014; McNamee 2005). Because the assessment tool has not
been assessed for gender influence in the local culture, we also adjusted for child sex.

Normally, developmental scores on the Griffith’s scales can be compared to reference studies by
calculating mental age and developmental quotient for each child and comparing those against
international references. Because some of the items in the assessment tool were considered not
appropriate in Malawi® (e.g., copies 24+ letters; copies a diamond) mental age and developmental
guotient were not used as our main outcomes. Instead, we calculated the sum of passed items for each
child and used this as our main outcome. Earlier studies have shown that the sum of passed items and
using mental age or developmental quotient as an outcome gives equivalent results when estimating an
association or the effect of an intervention (Cheung et al. 2008; Phuka et al. 2012). This applies to
subscales as well as the total scale.

2.6 Statistical Analysis

2.6.1 General Approach to Statistical Analysis

Statistical analyses were conducted with Stata 13.1 (StataCorp, College Station, United States) according
to a pre-specified analysis plan.

We calculated percentages and risk ratios for mortality outcomes, the incidence of NS visits above the
75" and the 90™ percentile, and the prevalence of various forms of malnutrition. We calculated hazard
ratios for mortality and the incidence of various forms of malnutrition and incidence rate ratios for the
total number of NS visits. For anthropometric indices and developmental scores we calculated group
means and differences between groups. For the time-to-event analysis an event of malnutrition was
deemed to have happened at the midpoint between the last age when the child was observed to be non-
malnourished and the first age when the child was observed to be malnourished.

2.6.2 Details of Statistical Methods

2.6.2.1 General Analysis

We used log-binomial regression models to estimate risk ratios for binary end-points at a single time
point and negative binomial regression adjusted for time in follow-up to estimate incidence rate ratios for
the total number of NS visits. We used least squares regression to calculate differences in means for
continuous outcomes, Cox regression to estimate hazard ratios for mortality outcomes, and competing-
risks regression to estimate cumulative incidence of various forms of malnutrition under the competing
risk of death.

For mortality, morbidity, and growth outcomes the main analyses were done without imputations for
missing data. However, the main analysis for development was done with multiple imputed data. We had
developmental data for 949 (83.7%) participants out of a possible 1,134 who were still alive at 5 years of
age. For those that we had developmental data available, 21% of participants had a missing value for one
developmental item and 10% had missing values for two or more items. We replaced missing values
according to the assumption rule from the Griffith’s test (Luiz et al. 2006). For each domain, the questions

3 The items considered not locally applicable were given a cross mark and assigned a zero in the scoring, which
meant they carried no impact in the association analysis.
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are organized hierarchically, i.e., easiest tasks first, most difficult ones last. Normally all children were
administered all items but in some cases items were missed and there was missing data in the subscale. If
a child was able to complete seven consecutive tasks, the child was considered to also be able to complete
all easier tasks. If a child was not able to complete seven consecutive tasks, the child was considered
unable to complete any of the more demanding tasks. All missing values before seven consecutive passes
were replaced as passed. All missing values after seven consecutive fails were replaced as failed. For
missing values after replacing according to the Griffith’s test rule, we used multiple imputation to impute
the rest. Variables used to impute missing items were the maternal background variables presented in
Table 1, child sex, household assets index, intervention group, all anthropometric measurements available
for the child across all time points, all subscale scores in Griffith’s test, and child age at the time of
assessment. If the participant did not have all items assessed in the subscale, we used the observed
number of passed items as the lower limit for imputing the right-censored variable. We also included
interactions with intervention group and number of previous pregnancies, maternal malaria status at
enrollment, HIV status, height, BMI at enrollment, gestational age at enrollment, maternal age, education,
Hb at enrollment, and child sex in the imputation model. We did not include in the development analyses
values for participan